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ABSTRACT 
 Two alternative forage-based pasture systems in the United States Gulf Coast region were 
analyzed for maximizing profitability in grass-fed beef production over a two-year period from 
2016 to 2017. The pasture systems varied upon forage types, forage combinations, and different 
degrees of management complexities used in grass-fed beef production. Forty-eight fall-weaned 
steers were assigned to eight groups of six steers each and randomly selected into different 
pasture systems. Two years of experimental data from the LSU AgCenter Iberia Research Station 
in Jeanerette, Louisiana, was reported to derive and compare cost and return estimates for each 
system. A representative farm approach was used to determine the most profitable pasture 
system, which results indicated that System 2, the most complex of the two pasture system 
approaches, was the most profitable forage-based pasture system for the May and September 
harvest dates of both experimental years. Furthermore, a simulation analysis and stochastic 
efficiency with respect to a function method was implemented to analyze profitability over a 
range of risk aversion preferences. The stochastic efficiency with respect to a function method 
verified that System 2 dominates System 1 across all levels of risk aversion coefficients. Results 
insinuated that producer’s decision making will not be interchangeable between the two systems 
at different levels of risk preferences due to the dominance System 2 places over System 1 across 
all levels of risk. 
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CHAPTER 1. INTRODUCTION 
1.1. Grass-Fed Beef Production and Market in the United States 
Grass-fed beef (GFB) production is a rapidly growing sector in the beef industry, 
enabling many opportunities for GFB producers going forward. The growth in the GFB sector is 
attributed towards trending consumer concerns about human health, the environment, animal 
welfare, and local agricultural production concerns (Wright, 2005; Mills, 2003; McCluskey et 
al., 2005). The influence among producers in this sector has resulted from perceptions of 
increased consumer demand, the potential for profitable production, and a desire for involvement 
in sustainable agricultural systems (Gillespie et al., 2016). In GFB production there are various 
forage-based pasture system approaches that can be implemented. However, the broad range of 
alternative management styles for pasture systems can potentially result in different productivity 
and cost outcomes, ultimately leading to variability in producers’ net returns across various 
levels of risk. 
The United States (U.S.) is the world’s largest producer of beef, with the production 
being predominately high quality grain-finished beef for domestic and export use (USDA-ERS, 
2017). Although U.S. beef production has a high concentration of grain-finished beef, the 
thriving GFB sector is continuing to gain market share in the beef industry. Recently, the 
demand for GFB has grown at an annual rate of 25% to 30% for the past decade, while the 
consumption of grain-fed beef products continues to decline (Bussard, 2016). The GFB sector 
has garnered an ever-increasing awareness in the eyes of consumers to such a degree as to gain 
the attention of more cattle producers and food companies. According to Stone Barns Center for 
Food and Agriculture (2017), a nonprofit sustainable agriculture organization dedicated to 
changing the way America eats and farms, there are an estimated 3,900 GFB producers finishing 
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an estimated 232,000 head of grass-fed cattle, up from 100 producers in 1998. Though the 
current estimated head of grass-fed cattle seems significant in the beef industry, the figure 
contributes very little to the 30 million cattle slaughtered annually (USDA-ERS, 2017).  
The increasing production of GFB parallels the market value of retail and food services 
sales. The GFB market has an estimated $4 billion in retail and food services sales, representing 
4% of the total beef market (Cheung & McMahon, 2017). The United States Department of 
Agriculture (USDA) defined GFB as beef from cattle whose lifetime diet consists of only grass 
and other forage, with the exception of milk consumed prior to weaning; no grains are fed 
(USDA-AMS, 2007). However, as of January 2016 the USDA Agricultural Marketing Service 
withdrew the Grass-fed Claim for ruminant livestock and the meat products derived from such 
livestock Grass-fed Marketing Claim Standard (USDA-AMS, 2016). Though the USDA has not 
reported an exact set of standards for all types of GFB producers to acquire the USDA Certified 
Grass Fed Marketing Claim Standard, there are two categories in the industry that GFB is 
marketed as: unlabeled and labeled. Unlabeled GFB is sold as conventional beef and accounts 
for an estimated $3 billion in sales, while labeled GFB is considered beef with a grass-fed 
marketing claim that is kept segregated from conventional beef throughout the supply chain and 
contributes around $1 billion of the market sales (Cheung & McMahon, 2017). The stable 
growth in consumer demand directly corresponds to the abrupt changes in labeled grass-fed retail 
sales statistics, exhibiting an increase of $17 to 272 million between 2012 and 2016 (Cheung & 
McMahon, 2017). Therefore, it is expected that the production and sales of GFB will continue to 
increase until arriving at the producer and consumer equilibrium, at which point consumer 
demand will be satisfied.  
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1.2. Grass-Fed Beef Standards and Health Benefits 
Grazing cattle allow the conversion of forages into a great tasting source of high-quality 
protein, as well as taking an environmentally friendly approach to the land. In order to 
identify/label GFB from grain-fed beef, many standards of treatment differences are applied 
during production. While there is no current USDA Certified Grass Fed Claim available for all 
producers in the industry, an exception applies to some producers following the standards that 
will grant them the USDA Certified Grass Fed claim. The USDA Grass-fed Program for Small 
and Very Small (SVS) Producers was designed to create opportunities for small-scale livestock 
producers who would like to have their ruminant animals certified as grass-fed (USDA-AMS, 
2016). It requires that ruminant animals be fed only grass and forage, with the exception of milk 
consumed prior to weaning, cannot be fed grain or grain by-products, must have continuous 
access to pasture during the growing season, and can receive routine mineral and vitamin 
supplementation (USDA-AMS, 2016). The program’s initiative was designed to help smaller 
cattle producers who are marketing 49 cattle or less each year and are looking for a more 
economical approach in marketing their livestock, possibly for a higher market price. However, 
there are standards available in the GFB industry for producers that don’t meet the USDA Grass-
fed Program for SVS qualifications. The American Grass-fed Association (AGA) provides a set 
of standards for producers in the main production areas of GFB which include: 
• Diet- Animals are fed only grass and forage from weaning until harvest; 
• Confinement- Animals are raised on pasture land without confinement to feedlots; 
• Antibiotics and hormones- Animals are never treated with antibiotics or growth 
hormones; and 
• Origin- All animals are born and raised on American family farms.  
	 	  
 4 
On the contrary, the treatment of grain-fed beef production allows for cattle to be confined in 
feedlots, eat mostly grain, and receive antibiotics and hormones. Consequently, following the 
AGA standards will enhance a producer’s success, not eligible for USDA Grass-fed Program for 
SVS Producers, when applying to the USDA Food Safety Inspection Service for a grass-fed 
claim on their label. 
The difference in grass-fed and grain-fed cattle treatment leads to many health benefits 
when consuming GFB. The natural health benefit being that GFB has 65% lower fat content and 
50% fewer calories than grain-fed beef (Spagnola, 2016). Moreover, GFB has less marbling and 
more fat near the skin, contains omega-3 fatty acids beneficial to health, and contains higher 
concentrations of carotenoids believed to be beneficial in decreasing the risk of disease 
(McCluskey et al., 2005). On the other hand, grain-fed beef has fat marbled throughout meat, 
contains insignificant levels of omega-3 fatty acids, and fewer concentrations of carotenoids 
(McCluskey et al., 2005). Overall, the standard quality, treatment differences, and health benefits 
of GFB are appealing to the consumer and contribute towards the growth that is being 
experienced in the emerging GFB sector. 
1.3. Challenges Producers Face in the United States Grass-Fed Beef Sector 
Increased consumer and producers interest in the U.S. GFB market has led to recent 
expansions in this sector of the beef industry. However, the presence of cheap GFB imports from 
countries that are heavily involved in grass-fed cattle operations, such as Australia and New 
Zealand, have become a major challenge for U.S. producers. Furthermore, GFB imports account 
for 75% to 80% of the total U.S. labeled and unlabeled GFB sales by value, which is a vastly 
greater share than the total beef industry incorporating 9% of imports (USDA-ERS, 2017; 
Cheung & McMahon, 2017). While cheap imports are playing a major role in overall GFB 
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production, the U.S. GFB producer and production statistics have been steadily growing at a 
rapid pace in attempt to meet domestic consumer demand. 
The small-scale nature of the GFB sector and thinness of its markets suggest this industry 
produces a niche product. Due to GFB only representing a small percentage of the total beef sold 
in the U.S., formalized markets have not been extensively developed yet. Unlike traditional 
commodity prices and livestock markets, gaining market access is not easy in the relatively new 
GFB sector. The extent of knowledge available for producers and new entries in the market is 
still limited for the following business decisions: how farmers decide when to market GFB, 
forms in which the beef is marketed, how farmers advertise their beef, the primary sources of 
information for determining GFB prices, and the marketing channels used for GFB (Gillespie et 
al., 2016). Given that GFB is closer to a niche product than a commodity and faced with the 
reality that there are few or no established GFB markets in some regions of the U.S., farmers 
must pay close attention to marketing and perhaps sell in multiple markets (Gillespie et al., 
2016). The limited information available creates uncertainty about the prices being received, 
discouraging producers to participate in GFB production. Martin and Rogers (2004) suggested 
that there are a number of challenges to overcome for GFB to move from being a niche product 
to wider acceptance. In order to remain competitive as more producers enter the GFB market, 
producers will need to ensure that they are producing a high-quality desirable end product, while 
still remaining economically efficient. The future speculations of the GFB niche market and 
where it is headed suggests that as growth in the industry continues, the increase in demand will 
be realized, helping to improve and supplement information on prices, increasing the number of 
producers, and ultimately leading to GFB demand being met by U.S. producers (Thurlow, 2015).  
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1.4. Problem Statement and Objectives 
The recent expansion in GFB production has increased the interest of numerous 
producers and potential producers in the beef industry, questioning the optimal approach for 
obtaining the most profitable production methods. The research problem this study intends to 
address is if an economic analysis of a representative farm approach can sufficiently derive the 
most profitable allocation of resources for GFB production in the U.S., while being constrained 
to the limited pricing and production information available in the GFB industry. The purpose of 
this project is to analyze two alternative forage-based pasture systems on increasing productivity 
and maximizing profitability. The general research objective is to evaluate the profitability of 
two alternative forage-based pasture systems, while practicing different managerial complexities 
for each pasture system. The specific research objectives contributing to the general objective 
include: (1) Determine the itemized fixed and variable costs of U.S. GFB production, (2) 
Determine the steer and hay prices and productivity, (3) Determine the systems net returns, and 
(4) Determine the certainty equivalents of systems net returns across all levels of risk. The 
research objectives are essential for obtaining information needed as to conduct an economic 
analysis comparing pasture systems and are intended to assist in answering the question that 
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CHAPTER 2. LITERATURE REVIEW   
2.1. Economic Analysis of Grass-Fed Beef versus Grain-Fed Beef 
An economic analysis, pertaining to differences in GFB and grain-fed beef production 
practices and profitability, will justify the need for further research in this area of study. The 
following report emphasizes the economic differences between the GFB live weight premium 
received over grain-fed beef, the GFB live weight premium per sales channel received over 
grain-fed beef, and beef finishing operations by size and production system. In 2016, surveys 
were distributed to GFB producers and 165 producer responses were recorded and evaluated. 
The total number of grass-finished cattle marketed by the respondents represents roughly 8% of 
the total beef sold by the U.S. GFB industry. Thus, the survey results provide a sense of the 
current structure of the U.S. GFB industry. The report was produced through the collaboration of 
Stone Barns Center for Food and Agriculture, Armonia LLC, Bonterra Partners, and SLM 
Partners (2017), with the intention of addressing the gap in market information by providing a 
comprehensive overview of the U.S. GFB sector and focusing on the market and economic 
dynamics.  
According to Williams (2015), a nationally recognized expert in the GFB industry, most 
GFB innovators started out small scale and marketed their product directly to the consumers, 
very similar to the way the traditional grain-fed beef program started. Farming experience, 
diversification, farm size, production system, and production region all impact the marketing 
channel choice. Most farmers use multiple venues for advertising and marketing their beef; 
however, direct sale to consumer is the most commonly used marketing channel. Figure 1 
exemplifies a percentage of respondents that receive a certain GFB live weight price premium 
range over grain-fed beef. Results indicate that the most common level of GFB price premium 
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received, based on the highest percentile of respondents being 29%, is a 31% to 50% premium 
over grain-fed beef live weight prices. Figure 2 represents a percentage of respondents that 
receive a certain GFB live weight price premium per sales channel received over grain-fed beef. 
According to the respondent’s results, GFB producers selling direct-to-consumer receive a 
median price premium of 50% over grain-fed live weight prices, while producers selling through 
branded programs receive a median price premium of 25% over grain-fed live weight prices. 
Overall, the respondents of this study have given a good foundation for producers indicating the 
GFB price premiums received for GFB over grain-fed beef. 
 
Figure 1. GFB Live Weight Premium Received over Grain-fed Beef 
Source: SLM/Bonterra 
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An economic analysis, using a representative farm approach, is used to exemplify the 
beef finishing operations by size and production system. Previous research has shown the most 
common GFB price premium ranges from 3% to 50% over grain-fed beef live weight prices and 
the strongest determinant of GFB price premiums is the selection of sales channels (Cheung & 
McMahon, 2017). Table 1 analyzes a grain-fed beef production, small-scale GFB production, 
and large-scale GFB production finishing operations on a per head basis. 
Table 1. Sample Beef Finishing Operations by Size and Production System 
Sample Beef Finishing Operations per Head 
Item Grain-Fed Beef GFB Small Scale GFB Large Scale 
Marketing Strategy  Processor Direct Branded 
Marketed Products Live Cattle Individual Cuts Carcass Weight 
Cattle Sold 3,450 40 4,000 
Entry Weight 750 800 800 
Live Weight 1,250 1,150 1,240 
Finished Carcass Weight 800 656 732 
Gained Weight 500 350 440 
Daily Gained Weight 3 2.2 2.5 
Days Until Finished 167 159 176 
Beef Sold Volume 800 361 732 
Live Cattle Price $1.20  $2.79  $1.49  
Carcass/Meat Price $1.87  $8.90  $2.52  
Total Revenue $1,500  $3,213  $1,845  
Feeder Cattle Costs $1,084  $1,088  $1,088  
Total Feed/Pasture Costs $291  $340  $300  
Other Operational Costs $73  $230  $142  
Total Operational Costs $1,448  $1,658  $1,530  
Gross Margin $52  $1,555  $315  
Land Lease $5  $120  $53  
Management $16  $500  $48  
Other Overhead $25  $300  $140  
Total Overhead $46  $920  $241  
Processing Costs N/A $500  N/A 
EBITDA $6  $135  $74  
Source: SLM/Bonterra 
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Each production system uses a different marketing strategy along with the prices and premiums 
associated with the strategy. The production systems finishing operations profitability per head 
of cattle was $135 for GFB small-scale production, $74 for GFB large-scale production, and $6 
for grain-fed beef production, with profitability being expressed as earnings before interest, tax, 
depreciation, and amortization (EBITDA). Though the total and daily weight gained for grain-
fed beef was larger, the price premiums received for GFB per sales channel were weighted more 
heavily on profitability. Overall, the research concludes that GFB small-scale operations selling 
direct-to-consumer gain an additional $129 profit per head of cattle over grain-fed beef 
operations, justifying that there is high market potential in the GFB industry moving forward. 
2.2. Agricultural Enterprise Budgets   
Enterprise budgets are designed to provide a decision framework for a short or long run 
economic analysis of agricultural production. The enterprise budget framework helps producers 
make sound business decisions relating to their particular enterprise (Doye & Sahs, 2005). 
Conducting an enterprise budget provides an estimate of the potential revenue, expenses, and 
profit for a single enterprise (Kay et al., 2016). The budgets enable farm managers to conduct 
breakeven analysis, estimate production costs, and select between competing production 
alternatives (Dillon, 1993). Breakeven equations can be derived for all conceivable budget 
components: output price, output yield, input price, input requirements, variable cost, fixed cost, 
and total cost (Dillon, 1993). The budget delivers an in-depth study of components, such as 
yields and market prices. These components are essential for building awareness of the risk 
involved in production, while also utilizing the historical or projected data necessary to build 
whole farm plans and conduct financial analysis (Doye & Sahs, 2005). Breakeven points are 
derived by solving a single enterprise profit equation for the desired component and the 
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breakeven output price can be used as a simple risk management tool to evaluate the impacts of 
marketing decisions under price variability (Dillon, 1993). However, while farmers are 
concerned with profits, the decision-making process also includes considerations of risk, farm 
survival, and attaining certain output levels, which in turn justifies the need for a sensitivity 
analysis of profits (Dillon, 1993). Consequently, enterprise budgeting is essential for 
understanding the costs and returns of a production activity, identifying potential sources of risk, 
and analyzing alternatives from a representative farm approach. 
Livestock enterprise budgets include many of the same entries and problems as crop 
enterprise budgets. However, there can be alterations between the budgets in some instances. 
Although many livestock enterprises are budgeted for one year, some feeding and finishing 
enterprises require more than a year, making it imperative that the costs and revenue in the 
budget are calculated for the same period (Kay et al., 2016). Furthermore, many livestock 
enterprises will have more than one product producing revenue, such as hay representing 
additional revenue in this research, and all sources of revenue must be identified and prorated 
correctly to an average individual animal in the enterprise (Kay et al., 2016). Table 2 provides 
the projected commodity costs and returns for beef cattle production in Louisiana 2016. The 
livestock enterprise budget focuses on production practices and performance data for beef cattle 
and associated forage crops. Specifically, this livestock budget contains the estimated costs and 
returns per head for large herd producers with semi-improved pastures in Louisiana 2016. The 
budget data presented is based on surveys of beef cattle producers supplemented with research 
records for beef herds maintained by the Louisiana Agricultural Experiment Station.  
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Table 2. 2016 Louisiana Projected Beef Cattle Production Costs and Returns 
Estimated Costs and Returns per Head 
Item Unit Price Quantity Amount 
Income 
    Weaning Calf cwt $215.00 3.58 $769.70 
Cull Cow cwt $90.00 0.70 $63.00 
Cull Heifer cwt $175.00 0.49 $85.75 
Total Income 
   
$918.45 
Direct Expenses 
    Custom 
    Hauling Cattle head $7.00 0.84 $5.88 
Feed 
    Stock Salt lbs $0.09 50.00 $4.50 
Range Meal cwt $19.80 2.10 $41.58 
Hired Labor 
    Livestock Labor hour $10.18 6.06 $61.69 
Other 
    Medication dol $1.00 20.00 $20.00 
Marketing Comm. dol $0.05 919.31 $45.97 
Pasture Crops 
    Ryegrass acre $97.82 0.50 $48.91 
Hay Production ton  $44.98 1.60 $71.97 
Semi-Imp Pasture acre $82.87 1.67 $138.39 
Operator Labor 
    Tractors hour $10.18 1.51 $15.37 
Self-Propelled Eq. hour $10.18 0.45 $4.58 
Fence 5-Wire hour $10.18 2.00 $20.36 
Diesel Fuel 
    Tractors gal $2.00 5.82 $11.64 
Self-Propelled Eq. gal $2.00 0.75 $1.50 
Gasoline 
    Self-Propelled Eq. gal $2.25 0.05 $0.11 
Repair and Maintenance 
   
$25.76 
Interest on Op. Cap. cow $8.85 1.00 $8.85 
Total Direct Expenses 
   
$527.06 
Returns above Total Direct Expenses 
 
$391.39 
Total Fixed Expenses 
   
$220.12 
Total Specified Expenses 
   
$747.18 
Returns above Total Specified Expenses   $171.27 
Source: Louisiana Agricultural Experiment Station/Louisiana Cooperative Extension Service 
	 	  
 13 
Production practices, weaning weights, culling rates, percent calf crop weaned, stocking rates, 
and forage programs are included in the projected 2016 beef cattle costs and returns estimates 
and based on averages for the sample of beef cattle producers surveyed (Boucher et al., 2016). 
Thus, managers following these basic management practices illustrated in the budget could likely 
anticipate similar costs and returns to the estimates (Boucher et al., 2016). The previous 
agricultural enterprise budget literature will be applied to this research for conducting the 
projected GFB costs and returns estimates for each alternative forage-based pasture system. 
2.3. Simulation Methodology 
Simulation analysis applies farm level data, as well as aggregate data, for analyzing 
various sectors of the U.S. agricultural economy. Stochastic analysis provides inferences about 
production caused by relevant variables and correlations among the variables (Flanders, 2008). 
Stochastic simulation models permit variations in variables, which represent random occurrences 
that correspond to risks associated with decision-making (Flanders & Wailes, 2010), while 
providing graphical inferences caused by relevant variables and correlations among the variables 
(Flanders, 2008). A multivariate empirical (MVE) distribution accounts for interrelationships 
occurring in the data and prevents the application of a specific distribution on the variables 
(Flanders & Wailes, 2010). Simulating with MVE distributions results in simulated random 
variables that are bounded by historical minimums and maximums of the original data, rather 
than normal distributions that simulate random variables outside of historical bounds (Flanders, 
2008). MVE distribution simulations engage in the use of non-normal distributions and an intra-
temporal distribution across different commodities and inter-temporal distribution across a time 
correlation matrix in order to generate correlated stochastic error terms that can be applied to any 
forecasted mean (Richardson et al., 2000). Using a MVE distribution is valuable when 
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simulating commodity prices and yields because the distribution includes a correlation matrix 
that generates correlated stochastic variables (Richardson et al., 2000). Simulated stochastic 
commodity prices and yields involve the use of MVE distributions for generating random prices 
and yields, which in turn derives the net returns that account for the stochastic relationships 
existing in production systems. Therefore, implementing a simulation analysis with stochastic 
variables and baseline costs of production will provide the sufficient results needed in comparing 
levels of farm net returns as market conditions change (Flanders, 2008).  
2.4. Stochastic Efficiency with Respect to a Function Methodology 
Previous literature has indicated that the stochastic efficiency with respect to a function 
(SERF) method has proven to be a valuable and easily understood instrument to assist farm 
managers, experimental researchers, policy makers, and advisers on analyzing problems 
involving agricultural risk. The SERF method has also been effective for calculating the 
profitability of alternative production systems with respect to changes in variables that represent 
random occurrences (Gillespie et al., 2015). SERF uses the concept of certainty equivalents 
(CEs) to evaluate the risky alternatives for a specified range of upper and lower bound absolute 
risk aversion coefficients (Hardaker et al., 2004). SERF contains a stronger discriminating power 
over other conventional stochastic dominance techniques because it utilizes the concept of CEs 
for each alternative, rather than the conventional approach of cumulative distribution functions 
(CDFs) (Fathelrahman et al., 2011). CEs enable the SERF method to rank a set of risk-efficient 
alternatives instead of a subset of dominated alternatives (Hardaker et al., 2004). The risk 
alternatives are partitioned in terms of CEs for a specified range of attitudes to risk. Each 
alternative is compared with the others simultaneously, rather than a pairwise comparison of 
risky alternatives (Hardaker et al., 2004). The CE of a risky alterative is the dollar amount at 
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which the producer is indifferent between the certain dollar value and the risky alternative 
(Fathelrahman et al., 2011, 2014; Williams et al., 2014). When calculating CEs, various types of 
utility functions can be applied to the risk attitudes, which are defined by the corresponding 
ranges of absolute, relative, or partial risk aversion coefficients (Hardaker et al., 2004). Thus, the 
decision criteria analysis of the economic measures for SERF is to rank the risky alternatives 
from the highest valued (i.e. highest CEs at specified levels of risk aversion) to the lowest valued 
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CHAPTER 3. EMPIRICAL METHODS 
3.1. Experimental Design  
The research study is based on an experimental design of two alternative GFB production 
systems used in a field experiment at the LSU AgCenter Iberia Research Station in Jeanerette, 
LA, from August 2015 to August 2017. A representative farm approach will be adopted for the 
two alternative pasture systems, containing different degrees of management complexity in GFB 
production. In October of years 1 and 2, 48 fall-weaned steers (Angus, Holstein, and 
Pineywoods; 16/breed type), were randomly assigned to 8 groups of 6 steers each (2/breed type) 
with 4 replicates in each system under evaluation. The allocation of steers was intended to avoid 
differences in grazing pressure, which arise when expected differences in body weight affect the 
animal’s performance and pasture utilization. The two forage-based pasture system scenarios 
vary upon forage types and combinations. These particular pasture systems were chosen to 
represent the common types of management practices being used for GFB production in the U.S. 
Gulf Coast region. In both Systems 1 and 2, 25% of the area was dedicated to summer pastures 
and 75% of the area was dedicated to fall/winter and winter grazing pastures. The two forage-
based pasture systems and their descriptions are followed. 
System 1: Conventional and no-till planted annual ryegrass for winter grazing (30 acres) and 
bermudagrass for summer grazing (10 acres); using bermudagrass hay for transition 
periods.  
System 2: Conventional and no-till planted multispecies cover crops for the fall transition period 
and winter grazing (10 acres), followed by ryegrass and berseem clover for winter 
grazing (20 acres), then using alfalfa/peanut hay until alyce clover, pearl millet, and 
cowpeas mixed pastures are available for summer grazing (10 acres). 
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Over the course of two consecutive years, annual pastures in Systems 1 and 2 were 
planted and fertilized between mid-August and mid-September. In System 1, 75% of the area 
was planted with annual ryegrass, half as no-till and half as a conventionally prepared seedbed. 
Prior to planting and fertilizing, the area was grazed down in early August, sprayed with 
herbicides, and then planted. The conventional planting used conventional tillage by chisel 
plowing twice and disking twice with a cutting disk to incorporate any plant material, fertilizer, 
or lime into the soil. The area was then disked twice with a finishing disk before planting. These 
tillage activities occurred in late June and were inverted and left unplanted for 40-45 days, 
followed by the herbicide application and secondary tillage to break aggregates and smooth the 
soil surface. A grain drill was then used for planting annual ryegrass. In System 2, similar soil 
management practices for no-till and conventional tillage were used for planting the multispecies 
cover crops in 25% of the area. The berseem clover and annual ryegrass winter pastures were no 
tilled, as previously described for annual ryegrass in System 1 on 50% of the area. System 1 used 
bermudagrass hay for the fall and spring transition periods. Round bales were produced from hay 
meadows available at the Iberia Research Station, using a John Deere JD 275 disc mower and a 
John Deere JD 567 round baler. Whereas, System 2 used alfalfa hay for the spring transition 
period that was purchased as needed and available. Since half the steers were harvested in May 
of each year, 25% of the area for each system was needed for summer grazing. In System 1, a 
pasture consisting of bermudagrass was available for summer grazing. Summer pastures 
containing alyce clover, pearl millet, and cowpeas mixed pastures were used for summer grazing 
in System 2 and planted as no-till in late May of years 1 and 2.  
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3.2. Experimental Framework 
A representative farm approach will be used for determining the most profitable forage-
based pasture system, along with the risk associated to each system. Record-keeping systems 
were developed to collect detailed economic data for the inputs and outputs associated with each 
system. The data was collected in order to calculate the cost and return estimates for both forage-
based pasture systems in the experiment. The cost estimates are determined by the quantities of 
inputs used in each system and input prices provided in the LSU AgCenter Projected Commodity 
Costs and Returns for Beef Cattle and Associated Forage Crop Production in Louisiana (Boucher 
et al., 2009-2016). Revenue estimates for each system will be made on the basis of outputs from 
steers and excess hay produced on the pasture, with the excess hay produced specifically 
pertaining to System 1. The value of the steers will be determined on the basis of hundredweight 
(cwt) produced, along with the USDA-AMS National Monthly Grass Fed Beef Report prices and 
USDA-AMS 5 Area Weekly Weighted Average Direct Slaughter Cattle Report prices. The hay 
value will be determined on the basis of dollars per ton and gathered from the USDA-AMS 
Weekly Texas Hay Report. The cost and return estimates, statistical differences in costs and 
returns, labor usage, and net returns will be determined by system treatment. Half of the steers 
for Systems 1 and 2 will be harvested in May and the remaining half will be kept though the 
summer and harvested in September. Thus, costs and returns associated with harvesting the 
steers in September will be estimated by altering the initially estimated May harvest cost and 
return estimates. Additional returns associated with the September harvest will be estimated by 
assessing the additional weight gained and the additional costs incurred from inputs. 
Consequently, the research study will analyze (1) differences in costs, returns, and profitability 
between Systems 1 and 2 from the initial May harvest date, (2) differences in costs, returns, and 
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profitability between Systems 1 and 2 from the lengthened September harvest date, and (3) 
differences in costs, returns, and profitability by breed type for Systems 1 and 2. 
Table 3. Prices of Systems 1 and 2 Inputs and Outputs for the Experimental Years 
Inputs/Outputs Unit Price 
Inputs 
  Alfalfa Hay ton * 
Bermudagrass Hay ton * 
Diesel Fuel gal * 
Urea N * 
2, 4-D pt $1.91 
Round-Up qt $5.81 
Malathion qt $7.50 
12-6 Minerals each $16.00 
IBR/BVD/PI3/BRSV dose $2.37 
Clostridial Complex dose $0.50 
Internal Parasite Treatment dose $1.35 
Marshall Ryegrass lb $0.48 
Elbon Rye lb $0.49 
Daikon Radish lb $1.60 
Plot Spike Oats lb $0.52 
Purple Top Turnips lb $1.70 
Siberian Kale lb $2.65 
Durana White Clover lb $5.99 
Kenland Red Clover lb $1.50 
Nelson Ryegrass lb $2.08 
Outputs 
  Steers cwt * 
Bermudagrass Hay ton * 
Note: Asterisks (*) denotes prices that will be simulated in the model. 
The detailed record keeping of economic input and output data was separated by pastures 
and applied to the assigned system. Table 3 exhibits the prices of inputs and outputs for the first 
experimental year. The prices of inputs were obtained from the LSU AgCenter Iberia Research 
Station in Jeanerette, LA. Since the prices and quantities of pasture inputs were stable from year 
1 to year 2, the first experimental year was merely duplicated and applied to the second 
experimental year. However, the duplicated price technique from the detailed record keeping will 
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not pertain to the steer and bermudagrass hay outputs or the alfalfa hay, bermudagrass hay, diesel 
fuel, and urea inputs. Instead, the prices will be simulated in the model and acquire MVE 
distribution parameters obtained from historical price variations. The simulation is essential for 
this model because these particular inputs and outputs comprise a large portion of the returns and 
expenses in the agricultural enterprise budget, which will in turn affect the overall estimated 
profitability from the unknown future market prices received.   
The field operations performed for producing and maintaining a suitable forage-based 
pasture system require the correct combination of machinery and equipment. Each field 
operation and the hours of operation for that activity was recorded on a per pasture basis and 
used to calculate the operator labor costs for each system and harvest date. The operator labor for 
both systems consisted of spraying, bush hogging, chopping, packing, planting, and fertilizing 
field operations. The second category of labor is the livestock labor that was recorded per breed 
type. The livestock labor involved moving steers out the barn and between pastures in each 
system and feeding steer the minerals and hay needed. Both labor categories costs were 
calculated as dollars per hour, charging an hourly wage of $14.55/hour for operator labor and 
$10.18/hour for livestock labor, obtained from the LSU AgCenter Projected Commodity Costs 
and Returns for Beef Cattle and Associated Forage Crop Production in Louisiana (2016).  
The machinery and equipment usage has many roles in the expense portions of the 
budget. The fixed cost is comprised of the annual costs for fixed inputs and the fixed costs per 
hour of machinery and equipment. The LSU AgCenter Projected Commodity Costs and Returns 
for Beef Cattle and Associated Forage Crop Production in Louisiana (2016) provides the fixed 
costs of small herds, using semi-improved pastures, on a per cow basis. The fixed cost per cow 
was adjusted for this research study by considering the head of steer per system and the grass-fed 
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versus grain-fed steer inputs. The machinery, equipment, and hours of usage are also used for 
deriving the repair and maintenance costs and diesel gallons consumed. The hourly rate for 
diesel fuel consumption per machine and repair and maintenance costs were implemented per 
machine and per equipment was acquired from the Mississippi State Budget Generator (MSBG), 
and economic and engineering evaluation of field machinery. Table 4 illustrates the repair and 
maintenance costs of Systems 1 and 2 for both the May and September harvest dates. In System 
1, the operated hours remain the same for both harvest dates, resulting in consistent repair and 
maintenance costs. On the contrary, System 2 has variation in the operated hours between 
harvest dates, resulting in different repair and maintenance costs for each harvest date.   
Table 4. Repair and Maintenance Costs of Systems 1 and 2 May and September Harvest 
System 1 Repair and Maintenance Costs 
Machinery/Equipment Operated Hours $/Hour Amount 
M-Harvest S-Harvest M-Harvest S-Harvest 
Tractor (90-119hp) 45.69 45.69 $2.42 $110.57 $110.57 
Spot Sprayer Tank 5.25 5.25 $2.55 $13.39 $13.39 
Bush Hog 3.375 3.375 $3.80 $12.83 $12.83 
Disk Harrow 17.81 17.81 $6.78 $120.75 $120.75 
Cultipacker 4.50 4.50 $1.14 $5.13 $5.13 
Grain Drill No Till 7.625 7.625 $15.68 $119.56 $119.56 
Fertilizer Cart 7.125 7.125 $6.47 $46.10 $46.10 
Total Costs       $428.32 $428.32 
System 2 Repair and Maintenance Costs 
Machinery/Equipment Operated Hours $/Hour Amount 
M-Harvest S-Harvest M-Harvest S-Harvest 
Tractor (90-119hp) 24.33 31.58 $2.42 $58.88 $76.42 
Spot Sprayer Tank 0.25 1.25 $2.55 $0.64 $3.19 
Bush Hog 8.13 8.13 $3.80 $30.89 $30.89 
Disk Harrow 5.94 5.94 $6.78 $40.27 $40.27 
Cultipacker 1.50 1.50 $1.14 $1.71 $1.71 
Grain Drill No Till 4.88 9.13 $15.68 $76.52 $143.16 
Fertilizer Cart 3.63 5.63 $6.47 $23.49 $36.43 
Total Costs       $232.40 $332.07 
Notes: M-Harvest represents the May harvest.  
           S-Harvest represents the September harvest. 
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Steer revenue is the product of cwt produced and the price received. However, the limited 
information available in the GFB industry makes it difficult for producers to obtain the current 
GFB market prices. Therefore, the prices received for GFB will be estimated in this study by 
applying a GFB price premium in U.S. dollars to the traditional grain-fed beef. Table 5 
exemplifies the average GFB price premium per cwt received over grain-fed beef. Steer prices 
were acquired from the USDA-AMS National Monthly Grass Fed Beef Report and the USDA-
AMS 5 Area Weekly Weighted Average Direct Slaughter Cattle Report for the years 2014 to 
2016. Prices are based on dressed steer prices, rather than live steer prices due to the limited 
availability of historical GFB market price information. The GFB price premium is calculated by 
subtracting the grain-fed dressed steer price from the GFB dressed steer price. According to 
Table 5, the GFB price premium received over grain-fed beef has increased from $33.99/cwt in 
2014 to $83.57/cwt in 2015 and further increasing to a high of $102/cwt. in 2016. The constant 
increase in GFB price premium is attributed towards the consumer’s willingness to pay for GFB 
over the years. Consequently, the 2014 to 2016 average GFB price premium of $73.24/cwt will 
be added to the grain-fed beef steer prices in order to estimate steer revenue for Systems 1 and 2. 
Table 5. Average GFB Price Premium in U.S. Dollars Received over Grain-fed Beef 
Year Dressed Steer ($/cwt) GFB Dressed Steer ($/cwt) Price Premium ($/cwt) 
2014 $244.22 $278.21 $33.99 
2015 $234.14 $317.71 $83.57 
2016 $207.83 $310.00 $102.17 
Average $228.73 $301.97 $73.24 
 
3.3 Simulation Analysis Approach 
 In order to produce accurate cost and return estimates for each observation, this study 
will simulate inputs and outputs for the model that acquire MVE distribution parameters. The 
simulated parameters will be based on 10 years of historical market prices from 2007 to 2016. 
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Table 6 provides the mean values of inputs and outputs simulated for GFB production cost, 
return, and net return estimates. The steer prices and all hay prices are the simulated outputs for 
the return estimates; with all hay prices representing bermudagrass hay pertaining only to System 
1. Moreover, the bermudagras hay prices are also utilized as a proxy input for additional hay 
purchased during pasture transition periods in System 1. Since System 2 didn’t produce hay in 
any pastures, alfalfa hay prices are categorized as an input for hay purchased during the summer 
grazing transition period. It is essential that all hay and alfalfa hay prices be applied to the correct 
system, due to the vast price differences per ton between the two types of hay. Lastly, the urea 
and diesel prices are simulated inputs for both systems and were chosen for the simulation 
because they are heavily weighted in the overall costs estimates. 
Table 6. Simulated Mean Values of Inputs and Outputs from 2007-2016 
Year Steer ($/cwt) All Hay ($/ton)  Alfalfa Hay ($/ton) Urea ($/N) Diesel ($/gal) 
2007 $165.82 $135.00 $165.00 $0.39 $2.10 
2008 $166.01 $119.00 $184.00 $0.54 $2.90 
2009 $156.40 $124.00 $185.00 $0.53 $2.20 
2010 $168.13 $123.00 $183.00 $0.42 $2.30 
2011 $187.75 $173.00 $241.00 $0.51 $2.75 
2012 $196.01 $121.00 $238.00 $0.63 $3.50 
2013 $199.05 $120.00 $239.00 $0.56 $3.31 
2014 $227.55 $100.00 $243.00 $0.50 $3.30 
2015 $221.16 $98.50 $212.00 $0.50 $2.75 
2016 $195.85 $112.00 $176.00 $0.43 $2.00 
 
The simulation analysis will be performed with Simetar, a commercial mathematical 
simulation software package, which produces 1,000 randomly simulated values for selected 
simulated inputs and outputs (Richardson et al., 2008). A simulation analysis will provide market 
price and yield distributions that will be used in obtaining GFB producer total revenue 
calculations for each system, harvest date, and year. The revenue and expense simulation will 
analyze the magnitude of profit volatility among systems from the alternative allocation of 
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resources used in each system. Thus, analyzing the residual returns for each alternative 
production system will assist producers in deciding which allocation of resources is most 
effective pertaining to their enterprise. Equation (1) provides the total revenue formula for each 
forage-based production system: 
(1) 𝑇𝑅!!! =  𝑃𝐺𝐹𝐵 × 𝑌𝐺𝐹𝐵!!! +  𝑃𝐻𝐴𝑌!! × 𝑌𝐻𝐴𝑌!!!. 
Where TR is the total revenue for system s at harvest date h and time t, PGFB is the live price per 
cwt of GFB with the $73.24 GFB price premium per cwt applied from Table 5, YGFB is the total 
yield in cwt of GFB for system s at harvest date h and time t, PHAY is the price of bermudagrass 
hay for system 1, and YHAY is the yield of hay for system 1 at time t. Enterprise budgets are used 
to establish cost of production estimates from the simulated farm input prices in the cost 
calculations, in order to derive the residential returns. Equation (2) illustrates the residential 
returns formula from the estimated costs and returns within the production system:  
(2) 𝑅𝑅!!! =  𝑇𝑅!!! −  𝐷𝐸!!! − 𝐹𝐸!!! −  𝑂𝐻𝐶 − 𝑂𝐶. 
Where RR is the residential return for system s at harvest date h and time t, TR is the total 
revenue for system s at harvest date h and time t, DE is the direct expenses for system s at 
harvest date h and time t, FE is the fixed expenses for system s at harvest date h and time t, OHC 
is the constant overhead costs for both systems, and OC is the constant opportunity costs for both 
systems. The overhead costs and opportunity costs were obtained from the LSU AgCenter 
Projected Commodity Costs and Returns for Beef Cattle and Associated Forage Crop Production 
in Louisiana (2016). The costs are constant between systems because they were calculated by 
total acreage, with both systems utilizing 40 acres of pasture. Consequently, these methods are 
an essential step for the producer’s decision-making process of choosing the most profitable 
forage-based pasture system in the production of GFB.   
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3.4. Stochastic Efficiency with Respect to a Function Analysis Approach 
A SERF risk analysis approach will be used to analyze which pasture system, harvest 
date, and time is most risk-efficient, regarding maximizing economic profitability, over a range 
of risk aversion preferences. The CEs are estimated using 1,000 simulated net returns from the 
yield and price distributions of the simulated inputs outputs, assuming different risk aversion 
coefficients for each system (Hardaker et al., 2004). Equation (3) explains the relationship 
between the utility function and the absolute risk aversion coefficient (ARAC): 
(3) 𝑈 𝑤  =  − 𝑒𝑥𝑝 −𝑟! 𝑤 . 
Where U is the measure of utility calculated from a given choice, w is the wealth that represents 
the income corresponding to that choice, and 𝑟! signifies a specific ARAC. Equation (4) defines 
the ARAC as the negative ratio of the second and first derivatives of the utility function and a 
ratio of the relative risk aversion coefficient and wealth: 
(4) 𝑟! 𝑤  =  −
!!! !
!! !
 =  !! (!)
!
. 
Where 𝑟! is the ARAC, 𝑟! is the relative risk aversion coefficient, and w is the wealth (net 
income) from a risky alternative pasture system scenario. The range of the ARAC, used to 
evaluate risky alternative pasture systems, is expressed in Equation (5): 
(5) 𝑟! 𝑤  ≤  𝑟! 𝑤  ≤  𝑟! 𝑤 . 
In order to make the interpretation of utility values less difficult, Equation (6) converts the 
utilities into CEs by deriving the inverse of the utility function, known as partial ordering: 
(6) 𝐶𝐸 𝑤, 𝑟 𝑤 =  𝑈!! 𝑤, 𝑟 𝑤 . 
The CE for a random sample size n from risky alternatives w is estimated in Equation (7): 
(7) 𝐶𝐸 𝑤, 𝑟! 𝑤 = 𝑙𝑛
!
!
 𝑒𝑥𝑝 −𝑟! 𝑤 𝑤!!!
!!
!! ! . 
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A general classification range of 𝑟! coefficients fall in the range of 0 for risk neutral, 0.5 for little 
risk, and an upper value of 4 for very risky choices (Anderson & Dillon, 1992). A SERF method 
graphical illustration will be used to analyze the dominance by system. After implementing an 
economic analysis for each alternative forage based production system, research has shown that 
producers would choose the pasture system approach with higher average net farm income, while 
also taking into consideration the risk associated to each farm income. Consequently, modeling a 
profit maximization and risk analysis for each alternative pasture system, harvest date, and year 
will produce an accurate economic analysis for determining the most profitable GFB production 





























	 	  
 27 
CHAPTER 4. RESULTS AND DISCUSSION 
4.1. Representative Farm Approach Results 
The economic analysis of alternative pasture system approaches exhibits the variability in 
net returns between production systems that account for market changes with the variations 
simulated around a specified mean. The average residual returns of the 1,000 iteration simulation 
analysis for both systems and harvest dates was obtained from the LSU AgCenter Iberia 
Research Station detailed economic data and the simulated input and output parameter prices. 
Table 7 exemplifies the differences in revenue, expenses, and returns above expenses between 
Systems 1 and 2 for the initial May harvest date over the experimental years. The steer revenue 
in System 2 is slightly larger than System 1 for both years, which resulted from larger steer 
ending weight averages. However, the total revenue in System 1 exceeds the total revenue in 
System 2, due to the additional bermudagrass hay production output that System 1 produces. The 
differences in total direct expenses between systems are similar for both years. System 1 
consumed higher direct expenses in year 1 and System 2 accumulated higher direct expenses in 
year 2. With System 2 direct expenses remaining constant over the experimental years, the 
change in direct expenses for System 1 was attributed to the difference in hay production costs. 
The primary budget expenses that exhibit vast differences between systems are diesel fuel, hay 
production, livestock labor, operator labor, and seed. System 1 obtained higher diesel fuel costs 
and operator labor costs from the excess tractor fuel consumption and hours utilized when 
practicing conventional till over more pasture acreage than no-till. System 2 recorded a higher 
livestock labor costs from the time spent feeding more 75 pound bales versus less 800 pound 
bales of hay to the steers. Supplementary seed cost in System 2 is gained from the alternative 
allocation of resources between forage-based pasture systems. The total fixed expenses are 
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constant for both years but vary between systems. System 1 has larger total fixed expenses from 
the additional expenses incurred during hay production. The overhead costs and land opportunity 
costs are calculated on a per acres basis and consistent for both systems 40 acres of pasture. 
Using Equation (2) from the simulation analysis approach, the residual returns for both systems 
and experimental years were derived. The residual return of System 2 exceeded System 1 for 
both years, with a $60 difference in year 1 and a $40 difference in year 2. Overall, the maximum 
residual return achieved for the May harvest was $23,477 in System 2 of experimental year 2. 
Table 7. May Harvest Revenue, Expenses, and Residual Returns for Systems 1 and 2 
May Harvest: Systems 1 and 2 Residual Returns in U.S. $ 
Revenue/Expenses Year 1 Year 2 
System 1 System 2 System 1 System 2 
Revenue 
    Steer Revenue $36,027 $36,950 $36,481 $37,147 
Hay Revenue $1,696 $0 $1,357 $0 
Total Revenue (TR) $37,724 $36,950 $37,838 $37,147 
Direct Expenses (DE) 
    Diesel Fuel $740 $369 $740 $369 
Urea $812 $870 $812 $870 
Hay Purchased $1,987 $1,710 $1,987 $1,710 
Hay Production $510 $0 $408 $0 
Livestock Labor $372 $977 $372 $977 
Operator Labor $734 $365 $734 $365 
Herbicide $493 $126 $493 $126 
Seed $576 $1,926 $576 $1,926 
Mineral Supplement $576 $576 $576 $576 
Vaccination $124 $124 $124 $124 
Repair and Maintenance $428 $232 $428 $232 
Interest on Operating Capital $147 $147 $147 $147 
Total Direct Expenses $7,499 $7,422 $7,397 $7,422 
Returns Above Direct Expenses $30,224 $29,528 $30,441 $29,725 
Total Fixed Expenses $3,216 $2,459 $3,216 $2,459 
Total Specified Expenses $10,715 $9,881 $10,613 $9,881 
Return above Total Specified Expenses $27,008 $27,069 $27,225 $27,265 
Overhead Costs $1,364 $1,364 $1,364 $1,364 
Land Opportunity Costs $2,424 $2,424 $2,424 $2,424 
Residual Return (RR) $23,220 $23,280 $23,437 $23,477 
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Since half the steers in each system (12 steers per system; 24 steers total) were harvested 
in May, the remaining half were kept through the summer and harvested in September. The 
initial May harvest date cost and return estimates for both systems were adjusted according to the 
lengthened grazing period for the September harvest. Therefore, the costs and returns accrued 
from the summer grazing period were assessed by the additional steer weight gained and 
additional costs incurred from inputs. Table 8 reports Systems 1 and 2 ending steer weight 
averages per steer breed type for the May and September harvest dates. The differences in the 
ending steer weight gained/lost from the summer grazing period will reflect the revenue 
gained/lost for each system during the September harvest. According to Table 8, Angus and 
Holstein steers indicate positive gains from the extended grazing period for both systems and 
years. On the contrary, Pineywood steers only exhibit positive gains for System 2 in both years 
and experienced negative gains in System 1 for both years during the extended grazing period. 
Thus, applying the additional costs and revenue estimates from the lengthened grazing period 
will be represented in Table 9 for the September harvest date. 
Table 8. May and September Harvest Ending Steer Weight Averages in cwt per Breed  
May Harvest: Steer Weight Averages in cwt 
System Year Angus Holstein Pineywoods 
1 1 9.41 9.35 5.06 
2 1 9.77 9.65 5.01 
1 2 9.68 9.37 5.07 
2 2 9.86 9.67 5.03 
September Harvest: Steer Weight Averages in cwt 
System Year Angus Holstein Pineywoods 
1 1 9.79 9.52 4.73 
2 1 11.49 11.84 5.11 
1 2 10.06 9.90 4.76 
2 2 11.07 11.47 5.19 
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Table 9 illustrates differences in revenue, expenses, and returns above expenses between 
Systems 1 and 2 for the September harvest date over the experimental years. The System 2 steer 
revenue, total revenue, and total specified expenses all exceed System 1 for both years of the 
September harvest date. The residual returns, derived from the mean of the 1,0000 simulated cost 
and return estimates, vary much more during the September harvest date. System 1 reached a 
residual return high of $22,713 during the second experimental year. Whereas, System 2 reached 
Table 9. September Harvest Revenue, Expenses, and Residual Returns for Systems 1 and 2 
September Harvest: Systems 1 and 2 Residual Returns in U.S. $ 
Revenue/Expenses Year 1 Year 2 
System 1 System 2 System 1 System 2 
Revenue 
    Steer Revenue $36,360 $43,015 $37,389 $41,941 
Hay Revenue $1,696 $0 $1,357 $0 
Total Revenue (TR) $38,056 $43,015 $38,746 $41,941 
Direct Expenses (DE) 
    Diesel Fuel $740 $497 $740 $497 
Urea $812 $1,897 $812 $1,897 
Hay Purchased $2,859 $1,710 $2,859 $1,710 
Hay Production $510 $0 $408 $0 
Livestock Labor $519 $1,063 $519 $1,063 
Operator Labor $734 $492 $734 $492 
Herbicide $493 $203 $493 $203 
Insecticide $0 $75 $0 $75 
Seed $576 $2,758 $576 $2,758 
Mineral Supplement $1,188 $1,188 $1,188 $1,188 
Vaccination $124 $124 $124 $124 
Repair and Maintenance $428 $332 $428 $332 
Interest on Operating Capital $147 $147 $147 $147 
Total Direct Expenses $9,130 $10,487 $9,028 $10,486 
Returns Above Direct Expenses $28,926 $32,529 $29,717 $31,455 
Total Fixed Expenses $3,216 $2,459 $3,216 $2,459 
Total Specified Expenses $12,346 $12,946 $12,244 $12,946 
Return above Total Specified Expenses $25,710 $30,069 $26,501 $28,996 
Overhead Costs $1,364 $1,364 $1,364 $1,364 
Land Opportunity Costs $2,424 $2,424 $2,424 $2,424 
Residual Return (RR) $21,922 $26,281 $22,713 $25,207 
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a residual return high of $26,281 during the first experimental year. Consequently, System 2 
derived the most profitable production system of the September harvest date during the first 
experimental year.    
 Table 10 exemplifies the May and September harvest date differences in revenue, 
expenses, and residual returns per steer for Systems 1 and 2. This table is intended to conclude if 
the additional steer weight gained from the lengthened grazing period outweighs the input costs 
incurred for the September harvest date. System 1 exhibits both higher total revenue and total 
specified expenses per steer in the September harvest. Though the additional steer weight gained 
created higher returns, System 1 consumed additional bermudagrass hay, minerals, and livestock 
labor during the summer grazing period, which in turn affected the costs of maintaining the 
steers for a longer period of time. Thus, System 1 obtained the highest residual return of $968 
per steer during the initial may harvest. System 2 also records both higher total revenue and total 
specified expenses per steer for the September harvest. The extra costs incurred for System 2 
included minerals, livestock labor, operator labor, repair and maintenance, and summer grazing 
inputs. However, the additional steer weight gained, as a product of revenue, remained higher 
than the costs incurred for keeping the steers through September. Therefore, System 2 obtained 
the highest residual return of $1,095 per steer during the lengthened September harvest. Overall, 
the most profitable production system and harvest was System 2 harvesting steers in September. 
Table 10. Harvest Date Differences in Revenue, Expenses, and Residual Returns per Steer 
May and September Harvest Date Differences per Steer in U.S. $ 
Revenue/Expenses System 1 System 2 
May September May September 
Total Revenue $1,572 $1,586 $1,540 $1,792 
Total Specified Expenses $446 $514 $412 $539 
Return above Total Specified Expenses $1,125 $1,071 $1,128 $1,253 
Residual Return $968 $913 $970 $1,095 
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 Steer breed type plays a large role for obtaining alternative levels of revenue in GFB 
production. Each steer breed has different characteristics such as ending weights and expenses 
for maintaining. The steer ending weights are a product of revenue, while the expenses alter the 
overall net returns per breed. Table 11 presents Angus, Holstein, and Pineywood steers returns, 
expenses, and returns above expenses per cwt for Systems 1 and 2. The returns for Angus and 
Holstein steers are similar in both systems, but the value of expenses associated with Angus 
steers drives the returns above expenses below that of Holstein steers. This is a factor of the 
additional hay, minerals, and livestock labor expenses needed to produce a healthy Angus steer. 
Though the Pineywood steers incurred lower expenses than Angus steers in all categories and 
lower expenses than Holstein steers in most categories, the revenue obtained from Pineywood 
steer weight doesn’t exceed the expenses by a sizeable amount compared to the other steer 
breeds. Thus, Table 11 indicates the most profitable steer breed type was Holstein steer, deriving 
$178/cwt return above expenses in System 1 and $177/cwt return above expenses in System 2. 
Table 11. Steer Breed Returns, Expenses, and Returns above Expenses per cwt 
Steer Breed: Returns, Expenses, and Returns above Expenses per cwt in U.S. $  
System 1 
Revenue/Expenses Angus Holstein Pineywoods 
Returns $189 $189 $189 
Hay Expense $11 $6 $17 
Mineral Expense $3 $3 $3 
Livestock Labor Expense $2 $2 $3 
Returns above Expenses $173 $178 $166 
System 2 
Revenue/Expenses Angus Holstein Pineywoods 
Returns $189 $189 $189 
Hay Expense $9 $6 $15 
Mineral Expense $3 $2 $3 
Livestock Labor Expense $5 $4 $8 
Returns above Expenses $172 $177 $163 
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4.2. Stochastic Efficiency with Respect to a Function Analysis Results 
The SERF method estimates the risk level associated with each production systems 
returns, illustrating which systems are most risk-efficient with respect to maximizing economic 
profitability in GFB production. Thus, after implementing an economic analysis for each 
alternative forage-based pasture production system, research has shown that producers would 
choose the pasture system approach with a higher average net farm income while also 
considering the risk associated to each farm income level. A SERF method graphical illustration 
was used to analyze the dominance by system in GFB production. The SERF graph exemplifies a 
practical application of risk analysis approach proposed by Hardaker et al. (2004).  
 
Figure 3. SERF Graphical Analysis of Systems 1 and 2 May Harvest 
Presented in Figure 3, the SERF graph defines the two GFB pasture systems initial May 
harvest CEs according to each level of risk. The ARAC range begins with a risk neutral value of 
0, proceeding to the least risk averse coefficient of 0.000009 and ends with the most risk averse 
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distribution, with the CEs reflecting the associated risk level. The risk neutral value 0 symbolizes 
the average 1,000 simulated costs and return estimates and corresponds to the residual returns in 
Table 7. The graphical results in Figure 3 indicate that System 2 dominates System 1 across all 
levels of risk aversion coefficients. Moreover, with System 2 dominating System 1 across all 
levels of risk, the producer’s decision making will not be interchangeable between systems at 
different levels of risk preferences. Hence, if the decision maker were more risk averse they 
would choose System 2 over System 1 and if they were less risk averse they would still choose 
System 2 over System 1. Illustrated in Figure 4, the SERF graph defines the two GFB pasture 
systems September harvest CEs according to each level of risk. The ARAC range begins with a 
risk neutral value of 0, proceeding to the least risk averse coefficient of 0.000008 and ends with 
the most risk averse coefficient of 0.00016. The graphical results also indicate that System 2 
dominates System 1 across all levels of risk aversion coefficients and the producer’s decision 
making will not be interchangeable between systems at different levels of risk preferences. 
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 Tables 12 and 13 assist the SERF graphical analysis interpretation, exemplifying the 
variability in the model for all 21 CEs and ARAC. Table 12 presents the May harvest CEs across 
all risk aversion coefficients for Systems 1 and 2. System 1 contains a mean CE of $23,084 and 
System 2 contains a mean CE of $23,123, demonstrating the average CE across all risk aversion 
coefficients. The maximum CEs are the CEs values at risk neutral 0 and the minimum CEs are 
the CEs values at the most risk averse coefficient. The standard deviations measure the amount 
of variation in the set of CEs. System 2 has a standard deviation of $93 and System 1 has a 
standard deviation of $85. The larger standard deviation of System 2 directly corresponds to the 
steeper downward sloping line of CEs. Table 13 illustrates the September harvest CEs across all 
risk aversion coefficients for Systems 1 and 2. System 1 contains a mean CE of $21,787 and 
System 2 contains a mean CE of $26,091, demonstrating the average CE across all risk aversion 
coefficients. System 2 has a standard deviation of $119 and System 1 has a standard deviation of 
$84. In summary, System 2 dominates System 1 across all levels of risk aversion coefficients for 
the may harvest and System 2 undoubtedly dominates System 1 across all levels of risk aversion 
coefficients for the September harvest, suggesting that producers will choose System 2 for both 
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Table 12. May Harvest Certainty Equivalents across all Risk Aversion Coefficients 
May Harvest: CEs across all RAC 
RAC System 1 CEs System 2 CEs 
0 $23,220 $23,280 
0.000009 $23,207 $23,266 
0.000017 $23,193 $23,251 
0.000026 $23,180 $23,237 
0.000034 $23,167 $23,222 
0.000043 $23,153 $23,207 
0.000052 $23,140 $23,192 
0.000060 $23,126 $23,178 
0.000069 $23,112 $23,163 
0.000077 $23,099 $23,148 
0.000086 $23,085 $23,133 
0.000095 $23,071 $23,118 
0.000103 $23,058 $23,103 
0.000112 $23,044 $23,088 
0.000120 $23,030 $23,073 
0.000129 $23,016 $23,058 
0.000138 $23,002 $23,043 
0.000146 $22,989 $23,028 
0.000155 $22,975 $23,012 
0.000163 $22,961 $22,997 
0.000172 $22,947 $22,982 
Mean $23,084 $23,132 
Min $22,947 $22,982 
Max $23,220 $23,280 
STD $85 $93 
CV 0.37% 0.40% 
Notes: RAC represents the risk aversion coefficients. 
           Min represents the minimum values in the data set. 
           Max represents the maximum values in the data set. 
           STD represents the standard deviation of the data set. 
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Table 13. September Harvest Certainty Equivalents across all Risk Aversion Coefficients 
September Harvest: CEs across all RAC 
RAC System 1 CEs System 2 CEs 
0 $21,922 $26,281 
0.000008 $21,908 $26,262 
0.000017 $21,895 $26,244 
0.000025 $21,882 $26,225 
0.000033 $21,869 $26,206 
0.000042 $21,855 $26,187 
0.000050 $21,842 $26,169 
0.000058 $21,828 $26,150 
0.000066 $21,815 $26,131 
0.000075 $21,801 $26,111 
0.000083 $21,788 $26,092 
0.000091 $21,774 $26,073 
0.000100 $21,761 $26,054 
0.000108 $21,747 $26,035 
0.000116 $21,733 $26,015 
0.000125 $21,719 $25,996 
0.000133 $21,706 $25,976 
0.000141 $21,692 $25,957 
0.000149 $21,678 $25,937 
0.000158 $21,664 $25,918 
0.000166 $21,650 $25,898 
Mean $21,787 $26,091 
Min $21,650 $25,898 
Max $21,922 $26,281 
STD $84 $119 
CV 0.39% 0.46% 
Notes: RAC represents the risk aversion coefficients. 
           Min represents the minimum values in the data set. 
           Max represents the maximum values in the data set. 
           STD represents the standard deviation of the data set. 
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CHAPTER 5. CONCLUSIONS 
The increased interest of consumers and producers in the U.S. GFB market has led to the 
expansion of this sector of the beef industry, enabling many opportunities for GFB producers 
going forward. The sudden consumer interest in this sector is attributed towards trending 
concerns about human health, the environment, animal welfare, and local agricultural production 
concerns. Consumer’s interest in GFB parallels the demand growth rate of 25% to 30% annually 
for the past decade. The growth rate of this sector has influenced numerous producers in the beef 
and other livestock industries to respond to demand increases by engaging in GFB production for 
the profitable opportunities that lie ahead and the involvement in sustainable agricultural 
systems. However, the GFB sectors small-scale nature and thinness of its markets suggest this 
industry produces a niche product. Therefore, due to GFB only representing a small percent of 
the total beef sold in the U.S., formalized markets have not been extensively developed yet. 
Thus, without formalized markets there is limited information available to producers, which 
creates uncertainty about the prices being received and generates various unknown variables in 
producer’s forecasted production budgets. On the other hand, there are still some reports and 
research studies available that have contributed to the GFB information database and aided 
current and potential producers in production. Previous research has indicated the most common 
level of GFB price premium received, based on the highest percentile of GFB producer 
respondents, is a 31% to 50% price premium over grain-fed beef live weight prices, suggesting 
that raising grass-fed cattle for profit has the ability to be a sufficient enterprise. In GFB 
production there are various forage-based pasture system approaches that can be implemented. 
However, the broad range of alternative management styles for pasture systems can potentially 
result in different productivity levels and cost outcomes, ultimately leading to variability in 
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producers profitability across risk levels. Therefore, in order to produce satisfying returns in the 
GFB sector, producers must manage and allocate their resources efficiently and according to 
their particular enterprise. Consequently, with limited resources available that concentrate on the 
economic analysis of alternative GFB production systems, producers lack information on the 
optimal approach for obtaining the most profitable GFB production methods and this study 
addresses the issue at hand.  
This study was based on a field experiment performed at the LSU AgCenter Iberia 
Research Station in Jeanerette, LA, from August 2015 to August 2017 to compare two 
alternative GFB production systems. The two forage-based pasture system scenarios varied upon 
forage types and combinations. System 1 contained a 40-acre pasture system of conventional and 
no-till planted ryegrass for winter, bermudagrass for summer grazing, and bermudagrass hay for 
transition periods. System 2 contained a 40-acre pasture system of conventional and no-till 
planted multispecies cover crops for fall transition periods and winter grazing, ryegrass and 
berseem clover for winter grazing, and alfalfa/peanut hay until alyce clover, pearl millet, and 
cowpeas mixed pastures were available for summer grazing. In both systems, 25% of the area 
was dedicated to summer pastures and 75% of the area was dedicated to fall/winter and winter 
grazing pastures. These particular pasture systems were chosen to represent the common types of 
management practices used for GFB production in the U.S. Gulf Coast region. In October of 
both experimental years, 48 fall-weaned steers, consisting of Angus, Holstein, and Pineywoods 
breed types, were randomly assigned to 8 groups of 6 steers each. This specific treatment design 
contained 4 pasture replications in each of the forage-based pasture systems under evaluation, 
with each group of steers remaining in the assigned system and replication throughout the 
experiment. The replications were used on the basis of pastures being incredibly diverse and 
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having fluctuating ecosystems, where the growth rate and quality is a function of time, weather 
conditions, prior grazing events, and plant communities. Thus, the replication of pastures was 
essential for adequate treatment evaluation and inference. Throughout the two-year experiment, 
record keeping was used to collect detailed economic data for inputs and outputs associated with 
each system. The detailed input and output data included average steer ending weights, quantity 
of hay produced, quantity and prices of inputs, machinery and equipment used, and operator and 
livestock labor. The data was collected, allocated, and analyzed for both systems in the 
experiment, in order to calculate the profit of each system from cost and return estimates.  
The intentions of the first three chapters in this thesis were to evaluate the U.S. GFB 
industry, review the previous literature related to GFB production and economical approaches, 
and explain the analytical techniques that were implemented. The first chapter discusses the GFB 
market and production in the U.S., GFB standards and health benefits compared to traditional 
grain-fed beef, challenges that producers face in the U.S. GFB sector, and the problem statement 
and objectives of the research study. The second chapter provides previous credible literature 
that contained similar strategies and techniques used in this study. It focused on the economic 
analysis of GFB versus grain-fed beef production, agricultural enterprise budgets, simulation 
methodology, and SERF methodology. The third chapter covers the overall experimental design 
and framework, along with empirical methods for the simulation and SERF analysis used in this 
study.  
Chapter 4 concludes the results and translates the tables and figures into literature terms 
for discussion. The chapter analyzes the two forage-based pasture systems on (1) costs, returns, 
and profitability for the initial May harvest date, (2) differences in costs, returns, and profitability 
between the initial May harvest date and the lengthened September harvest date, and (3) 
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differences in costs, returns, and returns above costs by steer breed type. A representative farm 
approach was applied to the two alternative pasture systems, containing different degrees of 
management complexity in GFB production. Applying a representative farm approach enabled 
this study to consider farm inputs and outputs at a local level when estimating expense and 
revenue structures of production, along with determining how changes in prices and yields affect 
farm profitability and enterprise decision-making. Utilizing this approach structured direct 
economical comparisons between the two pasture systems. The representative farm approach 
concluded that System 2, the most complex of the two pasture system approaches, was the most 
profitable forage-based pasture system for both harvest dates and experimental years. During the 
May harvest, System 1 derived a residual return of $23,220 in year 1 and $23,437 in year 2, 
while System 2 derived a residual return of $23,280 in year 1 and $23,477 in year 2. Hence, 
System 2 accumulated an excess profit of $60 in year 1 and $40 in year 2. During the lengthened 
grazing period of the September harvest, System 1 derived a residual return of $21,922 in year 1 
and $22,713 in year 2, while System 2 derived a residual return of $26,281 in year 1 and $25,207 
in year 2. Hence, System 2 accumulated an excess profit of $4,359 in year 1 and $2,494 in year 
2. The residual return results imply that pasture System 1 was most profitable during the May 
harvest date and pasture System 2 was most profitable during the September harvest date, with 
System 2 being the most profitable of the two pasture systems for both harvest dates and years. 
The economic analysis of steer breed type differences in returns, expenses, and returns above 
expenses per cwt determined that Holstein steers were the most profitable steer breed in both 
production systems, accumulating a returns above expenses of $178/cwt in System 1 and $177 in 
System 2. The simulation analysis and SERF method was used to validate the cost and return 
results for both systems. The May harvest SERF graphical analysis illustrated that System 2 
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dominated System 1 across all levels of risk aversion coefficients. Additionally, the September 
harvest SERF graphical analysis illustrated that System 2 undoubtedly dominated System 1 
across all levels of risk aversion coefficients. There SERF graphical analysis of both harvest 
dates suggested that a producer’s decision making will not be interchangeable between systems 
at different levels of risk preferences due to the CEs of System 2 clearly dominating System 1 
across all risk aversion coefficients. In summary, GFB producer’s practicing similar forage-
based pasture production systems in the U.S. Gulf Coast region would be better off, in terms of 
profitability, applying the pasture System 2 production approach and harvesting steers during the 
September harvest date. 
This experimental research study determined the most profitable GFB production system 
between two alternative forage-based pasture systems evaluated in the U.S. Gulf Coast region, 
while being constrained to limited pricing and production information available in the GFB 
industry. A widely practiced and credible representative farm approach was implemented for 
calculating and evaluating the variability in profit between pasture systems and the risk 
associated with each level of returns. However, the presented results may need further 
adjustments to account for the additional alternative managerial techniques related to GFB 
production. This study augments the literature on GFB production in the U.S. by analyzing 
alternative forage-based pasture systems from an economic profitability standpoint. With the 
GFB sector growing at an expeditious pace, further economical research analyses of GFB 
production systems will encounter more formalized markets with additional information 
available for study. In conclusion, with the limited information available at this point in time, this 
study contributes to the previous literature and provides sound economic inferences to GFB 
production in the U.S.  
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APPENDIX C. SYSTEM 1 2016 SEPTEMBER HARVEST RESIDUAL    
                           RETURNS 
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APPENDIX D. SYSTEM 1 2017 SEPTEMBER HARVEST RESIDUAL  
                           RETURNS 
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APPENDIX G. SYSTEM 2 2016 SEPTEMBER HARVEST RESIDUAL  
                           RETURNS  
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APPENDIX H. SYSTEM 2 2017 SEPTEMBER HARVEST RESIDUAL  
                           RETURNS 
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